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The impact of pedestrian countdown signals 

on pedestrian-motor vehicle collisions: a reanalysis 
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ABSTRACT 

Objective To perform a more sophisticated analysis of 
previously published data that advances the 
understanding of the efficacy of pedestrian countdown 
signal (PCS) installation on pedestrian-motor vehicle 
collisions (PMVCs), in the city of Toronto, Canada. 
Methods This is an updated analysis of the same 
dataset from Camden et al. A quasi-experimental design 
was used to evaluate the effect of PCS on PMVC. 
A Poisson regression analysis, using a one-group 
comparison of PMVC, pre-PCS installation to post-PCS 
installation was used, controlling for season and 
temporal effects. The outcome was the frequency of 
reported PMVC (January 2000-December 2009). Similar 
models were used to analyse specific types of collisions 
defined by age of pedestrian, injury severity, and 
pedestrian and vehicle action. Incidence rate ratios with 
95% CI are presented. 

Results This analysis included 9262 PMVC, 2760 
during or after PCS installation, at 1965 intersections. 
There was a 26% increase in the rate of collisions, 
pre to post-PCS installation (incidence rate ratio=1.26, 
95% CM.11 to 1.42). 

Conclusions The installation of PCS at 1965 signalised 
intersections in the city of Toronto resulted in an 
increase in PMVC rates post-PCS installation. PCSs may 
have an unintended consequence of increasing 
pedestrian-motor vehicle collisions in some settings. 



INTRODUCTION 

In 2005-2006, there were 6708 emergency room 
visits and 967 hospitalisations for pedestrian injur- 
ies in Ontario.^ In addition, 342 pedestrians were 
killed by motor vehicle coUisions across Canada.^ 
In 2010, there were 2159 reported pedestrian colli- 
sions in Toronto, of which 973 occurred at inter- 
sections.^ Pedestrian countdown signals (PCSs) are 
modifications to traditional pedestrian crossing 
signals that provide a digital countdown of the 
seconds remaining to cross the street at intersec- 
tions. The installation of PCS in the City of 
Toronto was to provide supplemental information 
to pedestrians to assist with street crossing, not to 
provide motor vehicles with information to change 
driving behaviour in relation to traffic signals.^ The 
policy implications if PCSs are effective are consid- 
erable, given that they are a relatively inexpensive 
retrofit into many traffic environments. Other 
municipalities (eg. New York City) are installing 
thousands of PCSs with the stated intent to reduce 
pedestrian injuries.^ 



A previous analysis of the City of Toronto 
dataset used in this paper with the same senior 
author, found a null effect of PCSs on the rate of 
pedestrian-motor vehicle collisions (PMVCs). ^ The 
previous analysis was performed without control- 
ling for temporal effects or adjusting for seasonal- 
ity. This was a limitation of the original analysis, 
given the potential for secular trends within the 
10-year data collection period. In addition, there 
are considerable differences in vehicle and pedes- 
trian traffic flow and visibility by season, particu- 
larly within the winter months. In this paper, we 
present an updated analysis of the same dataset 
from Camden et al.^ This reanalysis demonstrates 
the value of controlHng for potential confounders 
to enhance the interpretation and understanding of 
the efficacy of PCS installation for injury 
prevention. 

This study examined the frequency of PMVC 
before and after installation of PCS in the City of 
Toronto over a 10-year period. The main objective 
was to determine whether PCSs were associated 
with any change in PMVCs, controlling for sea- 
sonal and temporal effects. The potential for 
benefit exists if pedestrians use the PCS timer dis- 
plays to make safer road crossing decisions. 
Conversely, the potential for harm exists if PCSs 
cause pedestrians to rush or drivers to accelerate in 
response to the timer display. Either possibility may 
enhance the Hkelihood of a collision. 



METHODS 

The study took place in the City of Toronto, 
Canada. Intersections with traffic signals where 
PCSs were installed during the study period 
(January 2000-December 2009) were eligible for 
inclusion. Data were extracted from MVC police 
reports filed by the City of Toronto, Transportation 
Services Division. Records were excluded: (1) if the 
coUision occurred on private property or inside a 
parking lot (2) if the coUision occurred before a 
traditional signal was installed at the intersection; 
(3) if the coUision occurred outside a 30-metre 
radius of the intersection; (4) if the collision 
occurred on the same day of PCS instaUation; (5) if 
the collision occurred at an intersection with less 
than 6 months duration between the installation of 
the traditional traffic signal and the PCS; (6) if the 
associated location code (eg, intersection/mid- 
block) was missing. The ethics review board at the 
Hospital for Sick ChUdren provided ethics 
approval. 
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All police-reported PMVCs were mapped onto City of 
Toronto street centre lines using ArcGIS, ArcMap VI 0. ArcGIS 
was used to match collision data to intersections where PCS 
were installed. The unit of analysis was intersection-month. The 
outcome of interest was the number of reported PMVCs. 
Covariates included year, season and baseline PMVC rate. 
Specific analysis was conducted with respect to age, injury sever- 
ity, pedestrian right-of-way and vehicle action (a turning vehicle 
compared with vehicle moving through the intersection). Age 
was categorised as children and youth (ages 0-15 years), adults 
(ages 16-59 years) and older adults (ages >60 years). Injury 
severity was categorised based on Toronto Police Service injury 
classification: no injury; minimal injury (no medical attention); 
minor injury (emergency department treatment only); major 
injury (hospital admission); and fatal injury. Previous research 
shows misclassification of injury severity by police report most 
commonly involves minor injury. Therefore, minimal and 
minor injury classifications were combined. Major and fatal 
injuries were also combined due to the low number of fatal 
injuries. Season was categorised as summer (April-September) 
or winter (October-March). Right of way and vehicle action 
was determined by police report. Vehicle action was coded as 
either a turning or a throughway collision. 



Statistical analysis 

Statistical analyses were completed using PROC GENMOD in 
SAS V9.3. To determine the effectiveness of PCSs, a comparison 
between pre-PCS installation to post-PCS installation was exam- 
ined based on incidence rate ratios (IRRs). The unit of analysis 
was intersection-month, using preinstallation as the reference 
condition. The data from 2007-2009 formed the basis of this 
analysis; therefore, each intersection provided observations 
before and after PCS installation. For each intersection and 
season, the preinstallation monthly average count of all colli- 
sions from the previous 7 years (2000-2006) was determined. 
These averages were used as a covariate for the observations 
from 2007-2009 for the corresponding intersection and season. 
The other covariates were year of observation as a discrete vari- 
able (2007, 2008, 2009), and season (summer, winter). 
A repeated measures Poisson regression model was used to esti- 
mate the IRR of collisions per intersection-month, with 95% 
confidence intervals (CIs). Generalised estimating equations 
with an exchangeable correlation structure were used to fit the 
models. Analyses of specific types of colHsions, defined by the 
age of the pedestrian, injury severity, and pedestrian and vehicle 



action were performed using similar models. The level of statis- 
tical significance was set a priori, at 5%. 

RESULTS 

Pedestrian countdown signals 

During the study period (November 2007-December 2009), 
2078 PCSs were installed in the City of Toronto. Twenty-six 
(26.1%) per cent of the PCSs were installed in 2007; 69.8% in 
2008; and 4.0% in 2009. In total, 113 intersections were 
excluded because the time period between the installation of the 
PCS and the traditional traffic signal was less than 6 months. 
This left a total of 1965 intersections included in the analysis. 

Pedestrian-motor vehicle collisions 

There were 23 428 PMVCs reported during the 10-year study 
period. ColHsions excluded were: (1) parking lot or private 
property collisions (n=289), (2) collisions occurring prior to 
the installation of a traditional traffic signal (n=385), (3) colli- 
sions occurring outside a 30-meter buffer area of PCS installa- 
tion (n=10 486), (4) collisions occurring the same day as the 
PCS installation (n=3), (5) colHsions at intersections with less 
than 6 months between the installation of PCS from a trad- 
itional traffic signal (n=19), and (6) coHisions with the asso- 
ciated location code missing (n=2984). The final dataset 
included 9262 collisions. There were 226 records with missing 
data for age; these were excluded from the age-specific analysis. 
There were a total of 2760 PMVCs included in the analysis of 
the data from 2007-2009. Figure 1 shows the rate of all colli- 
sions per 100-intersection-month (IM) from 2000-2006 and 
2007-2009. Table 1 provides the overall frequency of colHsions 
by PCS instaHation (pre, post) and by season (summer, winter), 
together with IRRs and 95% CIs. Table 2 summarises the IRRs 
of collisions by age, injury severity, pedestrian and vehicle 
action, post-PCS installation. 

Overall, there was a 26% increase in the rate of collisions, 
pre-PCS installation to post-PCS installation (IRR=1.26, 95% CI 
1.11 to 1.42). There was also an increase in the rate of colHsions 
by season, where the winter months demonstrated a 19% increase 
in collision rate (IRR=1.19, 95% CI 1.09 to 1.31). The majority 
of colHsions (n=1955) involved adults (ages 16-59 years), where 
there was a 34% increase in the rate of colHsions, pre-PCS installa- 
tion to post-PCS installation (IRR=1.34, 95% CI 1.15 to 1.56). 
There were statistically significant increases in the rate of collisions, 
post-PCS installation, for minor/minimal injury (IRR=1.25, 95% 
CI 1.09 to 1.42) and major/fatal injury (IRR=1.51, 95% CI; 1.06 



Figure 1 Incidence rates of all 
pedestrian-motor vehicle collisions in 
the City of Toronto, 2000-2009. 
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Table 1 Frequency and incidence rate ratios of all collisions by 
pedestrian countdown signal (PCS) installation (pre, post) and by 
season (summer, winter) 


Collision Total 
type l-M* 


l-M (>1 
collision) 


#of 

collisions 


IRR(95% CI) 
(adjusted for 

covariates)t p Value 


All collisions 








Pre-PCS 42 904 


935 


1023 


1 


Post-PCS 29 619 


1548 


1737 


1.26 (1.11 to 1.42) <0.001 


Summer 36 406 


1041 


1142 


1 


Winter 36117 


1442 


1618 


1.19 (1.09 to 1.31) <0.001 


* Intersection-months. 

tCovariates include: year, season and baseline pedestrian-motor vehicle rate. 
IRR, incidence rate ratio. 



to 2.16). There was a statistically significant increase in collision 
rate with pedestrian crossing, in right of way crossing (IRR=1.19, 
95% CI 1.03 to 1.38) and statistically insignificant increases in 
non-right of way crossing (IRR=1.30, 95% CI 0.98 to 1.74). 
Finally, statistically significant increases in collision rates were 
observed for vehicles proceeding straight through the intersection 
(IRR=1.70, 95% CI 1.09 to 2.64), but not for any other type of 
vehicle crossing. 

DISCUSSION 

The reanalyses of these data presents a more sophisticated statis- 
tical modelling approach than the model previously published. 
The original analysis by Camden et al^ failed to account for 
temporal and seasonal effects. The analytical approach used in 
this paper, controlling for temporal and seasonal effects, as well 
as baseline PMVC rates, enhances the interpretation of the data 



Table 2 Incidence rate ratios of collisions by age, injury severity, 
pedestrian and vehicle action, post-pedestrian countdown signal 
(PCS) installation 



Collision type 


Adjusted* IRR (95% CI) 


p Value 


Total 


1.26 (1.11 to 1.42) 


<0.001 


Age, years 






Child (0-1 5 years) 


0.96 (0.69 to 1.33) 


0.797 


Adult (16-59 years) 


1.34 (1.15 to 1.56) 


<0.001 


Older adult (>59 years) 


1.14(0.88 to 1.49) 


0.321 


Injury severity 






No injury 


0.95 (0.55 to 1.63) 


0.850 


Minor or minimal 


1.25 (1.09 to 1.42) 


0.001 


Fatal or major 


1.51 (1.06 to 2.1 6) 


0.023 


Pedestrian crossing 






Right of way 


1.19 (1.03 to 1.38) 


0.019 


Without right of way 


1.30 (0.98 to 1.74) 


0.078 


Vehicle crossing 






Right turn (PEDt ROWt) 


1.20 (0.937 to 1.54) 


0.149 


Right turn (No RED ROW) 


1.26 (0.569 to 2.78) 


0.568 


Left turn (RED ROW) 


1.01(0.914 to 1.32) 


0.314 


Left turn (No RED ROW) 


1.11 (0.575 to 2.1 5) 


0.755 


Straight (RED ROW) 


1.70 (1.09 to 2.64) 


0.025 


Straight (No RED ROW) 


1.34 (0.996 to 1.80) 


0.057 



*Adjusted for temporal effects, season and baseline average pedestrian-motor vehicle 
rate. 

tPedestrian. 
t Right of way. 

IRR, incidence rate ratio; RED, Pedestrian. 



by allowing an unbiased assessment of the effect of PCS installa- 
tion, in the city of Toronto. 

This analysis demonstrated an increase in PMVC rates of 
26% at intersections, post-PCS installation. The increase in 
PMVC rate was more pronounced in adults, and for severe and 
fatal colUsions. These results controlled for baseline PMVC rate, 
season, as well as installation year. 

These observations may be explained if the driver, the pedes- 
trian, or both are choosing to enter an intersection when there 
is inadequate time for safe crossing. If pedestrians are hurrying, 
they may fail to adequately assess the traffic environment, or 
may complete the crossing during a 'no walking' phase. If 
drivers are hurrying, they may also fail to assess the environ- 
ment, and/or increase their speed. Pedestrians may also perceive 
that the remaining posted time is sufficient for crossing, or 
make hasty decisions knowing the time required between light 
changes. To save time, pedestrians may assume a larger risk of 
crossing with less time available. 

Our findings are inconsistent with the previous literature. 
Markowitz et al^^ reported a decline in collisions with a similar 
decline in the control group, where they reported a 52% reduction 
in collisions post-PCS installation. This finding however, was 
based on the analysis of nine high collision intersections; effect 
size may have been partly due to a regression to the mean effect. 
An estimated baseline collision history was considered in the 
present study; and the differences in intersections with high versus 
low collision rates were accounted for in the analysis. Pulugurtha 
et al^^ reported a decline in collision rate and found PCSs are 
most effective at high crash and high volume intersections. This 
may explain the differences in the effect size of PCS installation 
between studies. While PCSs appear to have an overall impact in 
the city of Toronto, it is possible that the effect of PCS is different 
by city. In our previous work,^ we reported an analysis of the same 
dataset and did not find a statistically significant effect from the 
installation of countdown timers.^ In that analysis, all of the inter- 
section time from 2000 to 2006 was treated as uniform 'preinstal- 
lation' time, whereas the current analysis treats those years as 
baseline and draws pre-post comparisons within the 2007-2009 
time period only. The current analysis also controls for season and 
reports specific analyses for age, injury severity, and vehicle and 
pedestrian action. Although the present analysis contradicts previ- 
ous studies, we believe it to be the least biased estimate based on a 
large sample of actual collision data. We also believe that this type 
of enhanced modelling that controls for potential bias from tem- 
poral and seasonal effects, should be used in future research with 
these types of data. 

Limitations of the present study include the non-randomised 
design, and the different traffic environments within the City of 
Toronto. In addition, reHable data on vehicle speed, vehicle 
volume and pedestrian volume were not available. Pedestrian 
countdown timers may have had effects on vehicle and pedes- 
trian flow. For example, if pedestrians are entering the intersec- 
tion later in the crossing phase they may block drivers intending 
either left or right turns, and this may change traffic flow. In 
addition, either more or fewer pedestrians may choose to use an 
intersection with a timer rather than crossing elsewhere. The 
overall effect observed may be absent or opposite in other traffic 
settings. We were not able to measure or control for the change 
in driver or pedestrian behaviour, pre-PCS installation to 
post-PCS installation, however, the collision rate increased 
equally for pedestrians with and without right of way. In add- 
ition, statistically significant increases in collision rates were seen 
for vehicles proceeding straight through the intersection, but 
not for turning vehicles. 
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Environmental modifications such as PCSs may be effective at 
providing additional information for pedestrians w^hile crossing 
intersections if they require limited public education or regula- 
tory enforcement of behaviour. If behaviour change in response 
to these signals is dangerous, the signals themselves can be 
modified. For example, lights could be reprogrammed to allows 
multidirectional pedestrian crossing w^ith vehicles at a stopped 
position, or the timers could end earlier for pedestrians. An 
optimum pattern for signal use may vary across time and across 
location based on differing travel patterns; how^ever, excessive 
complexity or variability in traffic signals may itself contribute 
to risk. 

The optimal method to evaluate the effects of changes in 
traffic signals on collision rates is w^ith randomised designs. 
Because the potential for harm has been demonstrated w^ith this 
analysis, it is important that such an evaluation be carried out as 
rigorously as possible. 



What is already known on the subject 



► There are few studies that have examined the relationship 
between pedestrian countdown signals (PCSs) and 
pedestrian-motor vehicle collisions. 

► Previous work in this area has demonstrated inconsistent 
findings related to the safety benefit of PCS installation. 

► Previous work with these data, not controlling for season or 
temporal effects, suggested no increased benefit or harm 
with the installation of PCS. 



What this study adds 



► This is a reanalysis of population-based data that describes 
the effectiveness of PCS at reducing pedestrian-motor 
vehicle collisions, over a 10-year period. 

► The present study provides evidence that suggests potential 
harm related to PCS installation. 

► Rigorous evaluation of public health interventions such as 
the installation of PCS that are designed to reduce the 
impact of pedestrian-motor vehicle collisions should be 
conducted, alongside implementation of changes in traffic 
signals that may affect pedestrian safety. 
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